Summary.
Liquor contacting peptidergic neurons (LCPNs) in the preoptic nucleus of the Japanese eel (Anguilla japonica), are investigated submacroscopically, light microscopically, electron microscopically (transmission and scanning) and histochemically. LCPNs appear in 8-13per cent of all neurons constituting the preoptic nucleus and their cytoplasm contains many secretory granules stained by aldehyde-thionin or chrome hematoxylin.
LCPNs have an epithelial cell-like polarity and their cytoplasmic organella shift to the supranuclear region. LCPNs are classified into three types (A, B, C) according to the liquor contacting portion of the cell: the cerebrospinal fluid (CSF), is the most common type and distributed in the ventral portion of the preoptic nucleus; this neuron is not connected with the neighboring ependymal tip of its cell process and is scattered throughout the preoptic nucleus; the cell is connected with the surrounding ependymal cells by tight junctions. Bipolar type C neuron in the dorsal portion of the preoptic nucleus; this also is connected with the adjacent ependymal cells by tight junctions.
Regardless of type, all LCPNs exhibit a positive acetylcholinesterase and a negative ATPase reaction.
Numerous fluorescent varicosities of monoaminergic nerve terminals are closely associated with the cell bodies of the LCPN.
LCPNs are likely regulated by monoaminergic fibers.
It is generally accepted that the preoptic nucleus of the teleosts consists of large neurosecretory neurons producing the posterior lobe hormone, and the axons of these neurons form the neurosecretory pathway and terminate at the perivascular space in the neurohypophysis.
In certain species of the teleosts, however, some neurons composing the preoptic * This paper is dedicated to the memory of the late Professor W. BARGMANN (1906 BARGMANN ( -1978 .
As the "Schuler und
Enkelschuler" of Professor BARGMANN, the authors would be most delighted if the present work would contribute to the study of neurosecretion which was so marvellously advanced by the endeavor of the great Meister. This work is supported by Research Grant 144022 from the Japan Ministry of Education. nucleus penetrate their processes into the third ventricle as "liquor contacting neurons," as first demonstrated by BARGMANN (1953) in Anguilla vulgaris and STUTINSKY (1953) in Anguilla vulgaris.
A considerable number of papers have been published thereafter on these neuron processes contacting the third ventricle, but conflicting observations have been presented with respect to their functions.
In this content three different views have been proposed: The first, which is supported by BARGMANN (1949 BARGMANN ( , 1950 BARGMANN ( , 1953 , HILD (1950) , STUTINSKY (1953) , ENAMI (1954 , 1955 ), and SCHIEBLER and HARTMANN (1963 , is that the peptide hormones of the neurosecretory neurons might be released into the third ventricle (hydrencephalocriny) besides being transported by way of the axons ending in the neurohypophysis, that is to say, the processes in question are secretory in function.
The second, which is claimed by VIGH-TEICHMANN and VIGH (1970) , is that the stimuli of the physicochemical changes in the cerebrospinal fluid (CSF) might be received by their processes, that is to say, these processes are sensory in function.
And the third, which FASOLO (1978) , is that these processes might have both secretory and sensory function.
The purpose of the present study is to investigate from the phylogenical view point the liquor contacting peptidergic neurons (LCPNs) in the preoptic nucleus of the Japanese eel (Anguilla japonica) submacroscopically, submicroscopically and histochemically with special attention to the functional significance of these neurons.
MATERIALS AND METHODS
Fifty adult Japanese eels, Anguilla japonica (body length: 40-46cm, body weight: 200-260g, sacrificed at all seasons) of both sexes were used in this study.
Submacroscopic observation
According to BRAAK's method (1962) , transparent specimens of the whole brain were prepared and observed with the aid of a binocular microscope. BRAAK's original method, however, was modified as follows: oxidation time by performic acid was changed from 8 to 2hrs, the dye from Victoria blue to aldehyde-thionin and the staining time from 12 to 5hrs. Figure 1 .
the third ventricular walls could be seen as strands deeply stained by chrome hemapreoptic nuclei on both lateral walls of the third ventricle were not always located in a symmetrical position on a rostro-caudal plane. Among twenty specimes, the left nucleus appeared more rostrally in seven specimens, the right nucleus in eight and both nuclei were located symmetrically in five. The number of the neurons neurosecretory neurons varied in their distribution, size and shape according to their location.
In the ventral portion, their number per area was higher and they were Some of the neurosecretory neurons frequently extended their processes toward the third ventricle, thus representing LCPNs. The more dorsally within the preoptic nucleus the peptidergic neurons were distributed, the more frequently they contacted the third ventricle.
The frequency was, as shown in Figure 3 , 8per cent in the ventral portion and 13per cent in the dorsal portion.
The LCPNs were distinguished into three types with regards to their shape and the portion contacting the ventricular lumen ( Fig. 4) : Type A represented those cells whose cell body was in contact with the CSF; type B possessed a process whose tip contacted the CSF, whereas type C showed a process protruded into the CSF. Type A neuron ( Fig. 5a ) was distributed in the area from the ventral to the middle secretory granules deeply stained by chrome hematoxylin or aldehyde-thionin were dispersed in the perinuclear region of all these LCPNs.
Viewed by the transmission electron microscope, a large number of lamellated cisternae of rough surfaced endoplasmic reticulum (rER) were observed in the cell body of the LCPN. The LCPN possessed well-developed organella, viz. Golgi apparatus, mitochondria, lysosomes and elementary granules.
It exhibited a polarity to the ventricular side, the Golgi apparatus being located in the supranuclear region.
numbers in close association with the piles of smooth surfaced cisternae of the Golgi region.
The nucleus of the LCPN was pale and the chromatin particles were uniformly dispersed. Nerve terminals were distributed sporadically on the perikaryon of the LCPN, forming axosomatic synapses, and somatic spines were also visible.
nized as Gray's type 2, the thickening of the pre-and postsynaptic membrane being symmetrical. The LCPNs were also classified into three types, A, B and C, from the electron microscopic features (Fig. 6 ). Electron-lucent type A neurons (Fig. 7a ) were found were visible in the perikaryon, but not in the processes. Beneath the cell membrane of the perikaryon opposing the axosomatic synapses, subsurface cisternae were frequently found. Electron-dense type C neurons (Fig. 8a) were found to protrude their cell processes into the third ventricle and their necks were connected to the neighboring ependymal cells by tight junctions.
There were three types of processes extending into the third ventricle: the first with large numbers of elementary granules (1,000 III Ventricle Ventral region contains less numerous cells contacting the CSF than the dorsal region. Abscissa and ordinate represent the long axis of the cell size and the distance from the bottom of the third ventricle respectively. In comparison with the sagittal paraffin sections and the transparent specimens of the whole brain using a modification of BRAAK's method, intraventricular processes were observed by the scanning electron microscope (Fig. 8b) . These intraventricular processes were thought to be projected from the junction between the hexagonal or octagonal arrays of apical surfaces of the ependymal cells, which possesed many microvilli.
Their structure was observed to be bulb-like, having one or two stereo- Cell bodies of small granular neurons existing in the ventral portion showed a strong positive reaction.
On the contrary, the supranuclear and intraventricular cytoplasm of large bipolar neurons in the dorsal portion showed a positive reaction (Fig. 9a) . All neurons in the preoptic nucleus were recognized to be negative in their ATPase reaction, although the ependymal cells lining the wall of the third ventricle exhibited a positive reaction (Fig. 9b) .
In the region of the preoptic nucleus, fluorescent varicosities of monoaminergic nerve terminals in large numbers were visible, some of which were in close contact with the perikaryon of the LCPN (Fig. 9c) . The fluorescent nerve endings were not evident in the ventricular side and on the processes protruding into the lumen.
DISCUSSION
The nerve cells composing the preoptic nucleus of Anguilla japonica are peptidergic neurons which produce the neurohypophysial hormone. Some of these neurons, however, contact the CSF with their cell bodies or cell processes. In this paper, the authors named this type of neuron "liquor contacting peptidergic neu-
ron (LCPN)."
The LCPN is not always found in every specimen of the preoptic nucleus in teleosts. In Anguilla japonica the frequency of the existence of LCPNs was ca 8-13per cent of all neurons constituting the preoptic nucleus. This value is thought to be in the highest range in teleosts. There are few studies dealing with the classification of the LCPN depending on their shape and distribution in the preoptic nucleus. Therefore the authors have distinguished the LCPN into three types (A, B, C), according to the CSF contacting portion and its shape.
The morphological characteristic of the difference between the LCPN and non-LCPN is that the LCPN has polarity to the ventricular side.
SANG and KNOOP (1959) first found that on the neurosecretory neurons of neurophysis spinalis caudalis in Tinca vulgaris neurosecretory granules lay close to the Golgi region, and concluded that elementary granules were formed in the Golgi apparatus. This conclusion was supported by the observation of PALAY (1960, Carassius auratus) and FOLLENIUS (1963, Salmo irideus, Perca fluviatilis) in the preoptic nucleus of teleosts. In the LCPN of Anguilla japonica examined in the present study the same result was gained.
VIGH-TEICHMANN, VIGH and AROS (1976) reported that the presynaptic terminals not only in axoaxonic synapses but also in axosomatic synapses contained only agranuter, on the preoptic nucleus of the Fluorescence histochemistry by BAUMGARTEN and BRAAK (1967, Carassius auratus) has indicated the occurrence of numerous aminergic terminals in the region of the preoptic nucleus and they concluded that noradrenergic fibers, the origin of which was unknown, regulated the neurosecretory neurons.
In Anguilla japonica aminergic terminals were found accumulated in the region of the preoptic nucleus and in close association with the perikaryon.
Dense cored vesicles in the presynaptic terminals as mentioned above are supposed to be the storing sites of these amines. According to FUXE and HOKFELT (1967) , yellow 5-hydroxytryptamines (5HT) fluorescence was not recognized in the area of the neurosecretory center of mammals, and 5HT neurons and the neurons producing oxytocin and vasopressin had no relation. Neither could 5HT be demonstrated in the present study. KOELLE and GEESEY (1961) , on the basis of histochemical demonstration of acetylcholinesterase in the neural lobe of cats, advanced a hypothesis that acetylcholine acts as a local transmitter in the release of hormones from the neurohypophysial axon terminals. But physiological and pharmacological experiments were not able to confirm this contention (DOUGLAS and POISNER, 1964a, b; DANIEL and LEDERIS, 1966) . Afterwards LEDERIS (1967) speculated that acetylcholine might act directly on the capillary walls in the neural lobe and might facilitate the transfer of hormones into the blood stream, possibly by causing vasodilatation.
On the other hand, VIGH-TEICHMANN and VIGH (1970) demonstrated occurrence of acetylcholinesterase on the cell bodies as well as on the intraventricular processes of neurosecretory neurons in Cyprinus carpio. In Anguilla japonica, cell bodies and intraventricular processes exhibited a strong positive acetylcholinesterase reaction.
Further investigation is necessary to determine the functional significance of acetylcholinesterase.
By means of the Golgi method of silver impregnation, FRANZ (1912) examined the ependymal cells lining the ventricle of the goldfish thalamus and demonstrated cells which sent their processes (dendrite-like processes) toward the ventricular lumen, under the name of "Neuroependymzellen."
The nature of the cells was speculated to be nervous.
Concerning the function of these "Neuroependymzellen," FRANZ introduced the investigation of VON FRISCH (1911) who deduced that the region neighboring the pineal body might be related to color change from the physiological experiments of electrical stimulation of diencephalon in minnows.
FRANZ was in good agreement with VON FRISCH that "Neuroependymzellen" influenced color change.
AGDUHR (1922) demonstrated that "intraependymale Nervenzellen," named by him, occurred in the ependymal layer of the central canal, the fourth ventricle and the lateral ventricle of vertebrates and they were thought to be mechanoreceptors receiving the intracerebral pressure In reptiles KUROTSU (1935) found some of the paraventricular cells extending their processes into the third ventricle, and proposed that these cells act as receptors responding to physico-chemical stimuli in the CSF based on the finding that those cells were located in the autonomic nervous center with richly distributed blood vessels.
The phenomenon that secretory granules which had been released out of the perikaryon of neurosecretory cells were further released into the third ventricle, was first observed by SCHARRER (1935) In Tinca vulgaris. BARGMANN and HILD (1949) obtained the same result in Tinca vulgaris using the staining method of chrome hematoxylin-phloxin.
But they did not discuss the problem of the release of secretory granules into the CSF with the conception of the LCPN. SMOLLER (1964) investigated the LCPN in the preoptic nucleus of Hyla regilla with special reference to the problem as to whether neurosecretory processes extending into the third ventricle are involved in sensory or secretory function, but a definite conclusion was not brought about. On the preoptic nucleus of Zoarces viviparus, OZTAN (1967) pointed out both the sensory and secretory possibility as to the role of the processes, since the neurosecretory processes loaded with the elementary granules were not furnished with cilia, whereas certain ependymal cells were ciliated. In the preoptic nucleus and the spinal cord of teleosts VIGH, VIGH-TEICHMANN and AROS (1975, 1977) reported that the LCPNs might function as receptors to the CSF, because they were provided with a long kinocilium and many shorter stereocilia which were similar to those known as receptor endings.
The present study using scanning and transmission electron microscope could not decisively demonstrate that every LCPN possessed a kinocilium and stereocilia.
Out of 140 fish brains investigated in detail, CHARLTON (1932) described that the preoptic nucleus in teleosts seemed to have migrated rostrally during phylogeny, since it holds a caudal place in the primitive suborders.
He concluded that a caudal part of the preoptic nucleus was broken-off and separated, and that it seemed to build up a new nucleus in higher vertebrates.
Type A and type C neurons occurred in the ventro-rostral and dorso-caudal portion respectively.
The preoptic nucleus in Anguilla japonica represents a single nucleus, not dividable into subnuclei.
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